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IN SITU HORIZONTAL STRESS DETERMINATIONS IN THE 
YAMPA COALFIELD, NORTHWESTERN COLORADO 
By D. L. Bickell and D. A. Donato2 
ABSTRACT 
This report presents a Bureau of Mines study intended to determine if 
horizontal stress trends exist and if the stresses can be pro j ected for 
improved mine design in a selected coalfield. The horizontal stresses 
were determined in three mines in the Yampa Coalfield and one mine 
in the adjacent Danforth Hills Coalfield of northwestern Colorado. 
Stresses were determined from stress-relief measurements using a three-
component borehole deformation gauge and overcoring techniques developed 
by the Bureau. A least-squares method of calculating the average rock 
stress components in the horizontal plane was performed. Physical prop-
erties of the rock from the test sites are also included. 
For the Yampa Coalfield, the maximum horizontal compressive stress in 
t he floor ranged from 363 to 1,956 psi, and the maximum hori zontal com-
pressive stress in the roof ranged from 235 to 875 psi. For the Dan-
forth Hills Coalfield, the maximum horizontal compressive stress in the 
floor ranged from 360 to 1,494 psi, and the maximum horizontal compres-
sive stress in the roof was 1,033 psi. 
Results indicated a trend of low horizontal stresses in the Yampa 
Coalfield that have not impacted ground control conditions in mines less 
than 1,000 ft deep. 
1 Physical s cien tis t. 
2Mining engineer. 
Denver Research Cente r, Bureau of Mines, Denver, CO. 
2 
INTRODUCTION 
Many underground coal mines in the 
United States are experiencing ground 
control problems that are the result of 
the horizontal state of stress. However, 
there are coalfields in the United States 
where the horizontal state of stress is 
unknown. The purpose of this Bureau of 
Mines investigation was to locate a de-
veloping western coalfield where the hor-
izontal state of stress was unknown, to 
measure the horizontal stresses in all 
operating underground mines in that coal-
field, and to determine if the stresses 
were contributing to ground control prob-
lems and showed a stress trend that could 
be incorporated into more effective mine 
design. Previous Bureau research (l-2, 
l)3 has shown a correlation between high 
horizontal or high differential hori-
zontal stresses and several types of coal 












shear (cutter) roof failure and floor 
heave. Past research has also shown that 
horizontal stresses tend to follow a con-
sistent pattern within a coalfield and 
with respect to certain geologic condi-
tions. Therefore, the knowledge gained 
from this research will provide mine op-
erators with information that could lead 
to more effectively planned mine layouts, 
reduced ground control problems, and im-
proved mine safety. 
The Yampa Coalfield (fig. 1) in north-
west Colorado was selected for this study 
because its state of stress is unknown. 
At present, there are three operating 
underground coal mines located in the 
coalfield. These mines were used to 
3 Underlined numbers in parentheses re-
fer to items in the list of references 










FIGURE 1.-Map of Yampa and Danforth Hills Coalfields showing mines studied. 
evaluate possible trends in the in situ 
horizontal stresses in this coalfield. 
Because of the complex geology and the 
closeness of two of the mines, it would 
have been desirable to investigate addi-
tional mines; however, only three under-
ground mines were available for this 
study. 
The three presently operating under-
ground mines in the Yampa Coalfield that 
were studied are (1) the Eagle No.5 Mine 
(Empire Energy Corp., located about 8 
miles southwest of Craig, CO), (2) the 
Apex No. 2 Mine (Sunland Mining Corp., 
located about 6 miles west-northwest of 
Oak Creek, CO), and (3) the Foide1 Creek 
Mine (Twentymi1e Coal Co., located about 
15 miles northeast of Oak Creek, CO). 
The Rienau No. 2 Mine (Northern Coal Co., 
located about 7 miles north-northeast of 
Meeker, CO) is not within the boundary of 
the Yampa Coalfield, but was also inves-
tigated because of its proximity to the 
Yampa Coalfield. 
A previous study to determine a re-
gional horizontal state of stress was 
performed in the Beckley Coal Seam, Beck-
ley District of the Southern Coalfield, 
in south-central West Virginia (1-2). 
Five mines with a total of 14 sites-w;re 
investigated to determine how far mea-
sured stresses could be projected for the 
purpose of mine design. The uniformity 
of the coal seam and overburden thickness 
was advantageous to this study. For the 
four most northern mines, which extended 
over a distance of approximately 12.8 
miles, the stress direction ranged from 
3 
N 57° E to N 75° E, and the maximum hori-
zontal compressive stress ranged from 
3,172 to 3,815 psi. For the southernmost 
mine, the maximum horizontal compressive 
stress was 2,305 psi bearing N 52° W. No 
major structural features were encoun-
tered in the other four mines, and any 
stress variations occurring from site to 
site were related to changes in lith-
ology. Research results indicated that 
stresses may be projected for the purpose 
of mine design. Caution must be taken in 
using these findings for other coal-
fields, particularly when major struc-
tural features are present, as in the 
Yampa Coalfield. 
All the mines studied under this proj-
ect were located in a different coal 
seam and stratigraphic column. Although 
stress magnitudes and directions varied, 
stresses were relatively low and no 
ground control problems were experienced 
by any of the three mines in the Yampa 
Coalfield under the present overburden 
heights and mine design. Since deforma-
tion measurements were performed in the 
Foide1 Creek Mine, mining has progressed 
under deeper cover (1,060 ft) and indica-
tions of possible related stress events 
have been experienced, as evidenced by 
occurrences of minor cutter roof along 
the rib lines. The Rienau No. 2 Mine is 
separated from the Yampa Coalfield by a 
major geological structure, is under more 
overburden than mines in the Yampa Coal-
field, and is experiencing some minor 
roof falls in intersections. 
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GEOLOGY 
The Green River region is predominantly 
located in southwestern Wyoming, but ex-
tends into northwestern Colorado (fig. 
1). Within Colorado, the region consists 
of the Sand Wash structural basin and the 
north side of the Axial Basin uplift that 
includes the Williams Fork Mountains. 
The perimeter of the Green River coal re-
gion is defined by the base of the Upper 
Cretaceous Mesaverde Group. The Yampa 
Coalfield is the only coalfield currently 
named in the Green River region and is 
located on the southeast edge of the re-
gion (16). Three of the four mines in-
vestigated (Eagle No.5, Apex No.2, and 
Foide1 Creek) are located within the Yam-
pa Coalfield (fi~. 1). 
4 
The Uinta region is located south of 
the Green River region, with approxi-
mately one-half in eastern Utah and the 
remainder in west-central Colorado (fig. 
1). The Danforth Hills Coalfield is in 
the northeast corner of the Uinta region 
and is within a few miles of the Yampa 
Coalfield. The Axial Basin uplift sepa-
rates the two fields. Coal seams in the 
Danforth Hills field, like coal seams in 
the Yampa field, are part of the lIes 
and Williams Fork Formations, Mesaverde 
Group, and were formed during the late 
Cretaceous Age (~). The Rienau No. 2 
Mine is in the Danforth Hills Coalfield 
(fig. 1) approximately 25 miles south of 
the Eagle No. 5 Mine. 
o 
I 
The Eagle No. 5 Mine and the Foidel 
Creek Mine are approximately 30 miles 
apart, but have similar geologic struc-
tures. The Apex No. 2 Mine and the Foi-
del Creek Mine are approximately 3.8 
miles apart and separated by 400 ft in 
elevation, but the stratigraphic separa-
tion is 1,800 ft. Both the Apex No.2 
and the Foidel Creek Mines are located on 
an anticline. The mine locations are 
shown on a geologic structure map (~) of 
the Yampa and Danforth Hills Coalfields 
(fig. 2). Specific geologic data for the 
four mines studied are presented in table 
1. Rock types listed in this table are 
representative of the mine's immediate 
floor and roof. 








C" Outline of coal 
FIGURE 2.-Geologic structure map for Yampa and Danforth Hills Coalfields. 
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TABLE 1. - Geologic data for mines studied 
Eagle No. 5 A~ex No. 2 Foidel Creek Rienau No. 2 
Geologic age •• Upper Cretaceous 















Coal bed or F •••••••••••••••• Lower Pinnacle •• Wa dge •••••••••••• G. 
seam. 
Coal thick- 11, average •••••• 5, average •••••• 7-11 ••••••••••••• 18-20. 
ness, ft ••••• 
Dip of bedding 
Strike of 
bedding. 
9° N ••••••••••••• 6° N •••••••••••• 7° NW •••••••••••• 20° N. 
S 80° E •••••••••• N 69° E ••••••••• N 55° E •••••••••• E. 
Site 1: 
Floor rock •• Claystone •••••••• 
Roof rock ••• Sandstone, sand-









Floor rock •• Claystone •••••••• No second site ••••• do •••••••••••• Mudstone. 
Roof rock ••• Fine-grained ••• do •••••••••••••• do •••••••.•••• Not tested. 
slatestone. 
INSTRUMENTATION 
Horizontal stresses were calculated 
from borehole deformation (stress relief) 
measurements made with the Bureau's 
three-component borehole deformation 
gauge (12, 18), which is shown in figure 
3. The--borehole deformation gauge is 
used with the over coring techniques (9, 





developed by the Bureau to determine 
in situ rock stresses. The theoretical 
r elationships that r elate bo r ehole-defor-
mation data to stress levels are based on 
the theory of elasticity (15, 19) and 





FIGURE 3.-Three-component borehole deformation gauge. 
6 
The borehole deformation gauge mea-
sures three-diametral deformations, 60° 
, of a 1-1/2-in-diam gauge hole (pi-
lot hole) as the borehole gauge is over-
cored with a 6-in-diam, thin-walled, dia-
mond drill bit. relieves the 
stress on a thick-walled cylinder of rock 
containing the gauge. A separate strain 
indicator is used to continuously monitor 
the for each diametral defor-
mation, so that any i ties will 
not go unnoticed and the altered deforma-
tion will be recorded and cor-
rected. The readout sensitivity for the 
diametral deformation is 1 ~in. 
After overcoring, the core is re-
trieved, marked for orientation and plane 
of measurement, and tested 
site to determine the rock's 
ulus and anisotropy , 11 
test is accompl by the 
core in the biaxial chamber and position-
the borehole gauge in 
the hole of the core at the 
same , if possible, as it was dur-
ing in situ A known pressure 
is to the core in the chamber, 
and three diametral deformations are 
recorded. The borehole gauge is rotated 
15 0 and the same load is ied, 
yi three more diametral measure-
ments. The same procedure is 
two more times, and the twelve result 
deformation measurements are used in a 
least-squares is to determine the 
rock anisotropy. 
Elastic determined in the 
field and and the three de-
formation measurements from each over-
core stress relief are used to calculate 
stresses in the plane normal to the bore-
hole 14. All determined stresses pre-
are in the horizontal 












Plots of the 
components (P and Q) 
show the stress 
variations at each plane of measurement 
in the borehole. Results for plane 
strain are in this report. 
EAGLE NO. 5 MINE 
Deformation measurements were made at 
two sites in the No. 5 Mine to 
determine the horizontal state of stress. 
Eight feet of coal is mined from the 
F Seam that averages 11 ft thick. Site 1 
is located 6,900 ft east-southeast of the 
portal under 600 ft of overburden in 
an area of active Site 2 is lo-
cated 3,300 ft north-northwest from the 
portal under approximately 325 ft of 
overburden near an area of occasional 
There are several faults with 
are referred to in this report as a set 
of deformation measurements. 
unknown lacements in this area of the 
mine. Access to air and water for drill-
limited the site selection; however, 
the site was more than 700 ft from the 
nearest fault. It is not known what 
influence, if any, the fault had on the 
calculated stresses. Figure 4 is a 
view of the mine layout showing the loca-
tion of the sites and faults. 
The drill used for was set 
in the center of a crosscut that 
20 ft wide by 8 ft high at both sites. A 
6-in-diam borehole was drilled vertical 
down and up to a least the 
height of the mine or until com-
petent rock was reached, whichever oc-
curred last. At site 1, the to 
begin overcoring was 8 ft in the floor 
and 10.1 ft in the roof. At site 2, the 
to begin in the floor 
was 8.6 ft. Four sets of deformation 
measurements were in the floor 
at site 1, and five sets of deformation 
measurements were in the roof 
at site 1 and the floor at site Hole 
1 is in the floor at site 1, hole 3 is 
in the roof at site 1, and hole 2 is in 
the floor at site 2. A sample set of 
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DO 
O 0 0\ ' I,-----= ~ 
FIGURE 4.-Mine layout and drill sites, Eagle No.5 Mine. 
overcoring is shown in figure 5. These 
data were obtained from hole 1, 9.6-ft 
deep. After overcoring, core samples 
are biaxially tested on site to deter-
mine Young's modulus (E). The E values 
from both sites are presented in table 
2. Overcore and NX-size core samples 
obtained at the sites were tested in a 
Bureau laboratory for additional rock 
properties and are presented in appen-
dix B. Poisson's ratio values were taken 
from these tests for the calculation of 
stresses. 
NX-size core was drilled to a depth 
of 8 ft in the roof at both sites. All 
other NX-size core tested in the labora-
tory for physical properties (including 
the other three mines investigated) was 
drilled from solid 6-in-diam core. 
Secondary horizontal principal stresses 
(P and Q)5 and stress direction for each 
5p and Q secondary principal stresses 
are the maximum and minimum normal 




























Plane of mea surement", '~ 
OVERCORING DEPTH, in 
FIGURE 5.-Deformation measurements for three diameters 
from typical overcoring process. 
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TABLE 2. - Young's modulus from biaxial tests 
at Eagle No. 5 Mine 
Relief 
SITE 1, 
1 ••••••••••••••• '.1 8 . 6 
2................. 10.7 
3... .... .......... 11.8 
4...... ........... 12.6 
SITE 2, 
1 ••••••••••••••••• 9.1 0.99 1.57 
3 ••••••••••••••••• 11.1 2.22 2.47 
4 ••••••••••••••••• 12.2 2.48 3.51 
5 ••••••••••••••••• 13.3 .77 1. 58 
SITE 1, HOLE 3, IN ROOF 
1 ••••••••••••••••• 10.5 1. 10 1. 48 
2 ••••••••••••••••• 11. 6 .79 .87 
3 ••••••••••••••••• 12.6 .81 .89 
4 ••••••••••••••••• 13.6 .79 .90 










E Young's modulus. 
'positive angle measured counterclockwise from U, (N 85 0 w) 
toE min. 
2Data are missing because the overcore retrieved failed 
during the biaxial test. 
overcoring stress relief 
table 3. A representation 
lated stresses are presented 
to 8. The stress profiles 
the greatest stress level 
are given in 
of the calcu-
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FIGURE S.-Plot of secondary principal stresses for Eagle No. 












8 9 10 II 12 13 14 
DEPTH, ft 
FIGURE 7.-Plot of secondary principal stresses for Eagle No. 
S Mine hole 2. 
TABLE 3. -- Secondary horizontal 
principal stresses at Eagle 
No. 5 Mine 
Relief 
SITE 1, HOLE 1, IN FLOOR 
1 ••••••••••• 8.5 -562 -143 
2 ••••••••••• 10.7 -686 -134 
3 ••••••••••• 11.7 -632 -180 
4 ••••••••••• 12.8 -481 -208 
SITE 2, HOLE 2, IN FLOOR 
1 ••••••••••• 9.1 -344 -129 
2 ••••••••••• 10. 1 336 -174 
3 ••••.•••••• 11. 1 -559 -276 
4 ••••• •• • •• • 12.2 -268 -97 
5 ••••••••••• 13.3 -281 -37 
SITE 1, HOLE 3, IN ROOF 
1 ••••••••••• 10.5 -191 -135 
2 ••••••••••• 11.6 -222 -143 
3 ••••••••••• 12.6 -179 -111 
4 ••••••••••• 13.6 -165 -129 
5 ••••••••••• 14.6 -144 -117 
P Maximum secondary princlpal 
sive stress. 
Q Minimum secondary principal 
sive stress. 
APEX NO. 2 MINE 
Bearing 
of P 
N 9° W 
N 22° W 
N 20° W 
N 20° W 
N 5° E 
N 3° E 
N 9° E 
N 5° E 
N 24° W 
N 1° W 
N 13° E 
N 12° E 
N 15° E 
N 34° E 
compres-
compres-
Deformation measurements were made at 
one site in the Apex No. 2 Mine. Coal is 
mined from the Lower Pinnacle Seam, hav-
ing an average thickness of 5 ft. The 
site is in fault block 2, 540 ft from a 
vertical displacement of 25 ft, and 740 
ft from a vertical displacement of 100 
ft. The site was selected in an attempt 
to minimize the influence of these two 
faults (fig. 9), but the extent that 
stresses were influenced by the faults, 
if any, is not known. Other sites were 
not selected because of extensive fault-
ing and active mining. The site is 
located in a crosscut adjacent to the 
intake entry 1,870-ft north by east from 
the portal under 410 ft of overburden. 
The crosscut is 20 ft wide and 5 ft high. 
Hole 1 was drilled vertically down into 
the sandstone floor. After 8.5 ft of a 
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FIGURE a.-Plot of secondary principal stresses for Eagle No. 












FIGURE g.-Mine layout and drill site, Apex No.2 Mine. 
stress reliefs were performed, conclud-
ing at 12.5 ft below the floor surface. 
Hole 2 was drilled vertically up into 
the sandstone-shale roof. Five stress 
reliefs were performed from this hole 
10 
TABLE 4. - Young's modulus from biaxial tests 
at Apex No. 2 Mine 
Relief 
, , 
1 ••••••••••••••••. 9.0 2.40 3.43 58 
2 ••••••••••••••••• 10.0 2.04 3.58 68 
3 ••••••••••••• • • •• 11 . 0 2.43 3.07 -47 
4 ••••••••••••••••• 12.0 2.56 2.73 58 
SITE 1 HOLE 2 IN ROOF , , 
1 •.••••••••••••••. 6.8 3.28 4.09 5 
2 ••••••••••••••••• 7.6 3. 12 3. 15 26 
3 ••••••••••••••••• 8.6 3.15 3.40 45 
4 ••••••••••••••••• 9.8 2.17 2.34 12 
5 ••••••••••••••••• 10.5 2.42 2.66 40 
E Young's modulus. 
'Positive angle measured counterclockwise from U, (S 50° E) 
to Eml n • 
starting at 6.3 ft and concluding at 11.2 
ft above the roof surface. The recovered 
cores from overcoring were tested in a 
biaxial chamber at the site to determine 
Young's modulus. These values are pre-
sented in table 4. NX-size cores were 
drilled from the overcoring cores, and 
solid 6-in-diam cores from the overcoring 
holes, and tested in a Bureau laboratory 
for additional physical properties. Re-
sults from these laboratory tests are 
presented in appendix B. Poisson's ratio 
values were taken from these tests to 
calculate the stresses. 
Secondary horizontal principal stresses 
and stress directions were calculated for 
each set of deformation measurements (ta-
ble 5). A representation of these stress 
magnitudes and directions are presented 
in figures 10 and 11. The average E val-
ues for the sandstone floor were very 
uniform, ranging from 2.92 x 106 psi at 
the 9-ft depth to 2.65 x 106 psi at the 
12-ft depth. Although the maximum hori-
zontal stress (P) decreased at the 10-
and 11-ft depths, the minimum horizontal 
stress (Q) remained the same. The aver-
P+Q . 
age stress, --2-' d~ffered by only 63 psi 
at the various depths measured. The max-
imum stress direction in the floor varied 
from N 30° E to N 39 ° W. Fractures pres-
ent in the floor rock mass, observed dur-
ing overcoring, probably account for this 
TABLE 5. - Secondary horizontal 
principal stresses at Apex 
No. 2 Mine 
Relief 
I 
Depth, P, Q, 
ft ps~ ps~ 
SITE 1, HOLE 1, IN FLOOR 
1 ••••••••••• 9.0 -320 -230 
2 ••••••••••. 10.0 -245 -197 
3 ••••••••••• 11.0 -220 -204 
4 •••.••••••• 12.0 -327 -190 
SITE 1, HOLE 2, IN ROOF 
1 ••••••••••• 6.8 -415 -396 
2 ••••••••••• 7.6 -521 -392 
3 ••••••••••• 8.6 -453 -374 
4 ••••••••••• 9.6 -623 -528 
5 •.••••••••• 10.6 -710 -668 
P Maximum secondary principal 
sive stress. 




N 9° W 
N 1° E 
N 30° E 
N 39° W 
N 57 ° W 
N 74° E 
N 83° E 
N 76° W 
N 17° E 
compres-
compres-
irregularity. Using data from reliefs 1 
. P+Q 
to 3, the average stress magn~tude, --2-' 
in the sandstone-shale roof is uniform up 
to 9 ft and averages 425 psi. Beyond 
9 ft, the average stress magnitude in-
creases to an average of 632 psi (reliefs 
4 and 5). The mine roof is stable with-
out the use of roof bolts; however, roof 
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FIGURE 1 O,-Plot of secondary principal stresses for Apex No. 
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FIGURE 11.-Plot of secondary principal stresses for Apex No. 
2 Mine hole 2. 
FOIDEL CREEK MINE 
Deformation measurements were made at 
two sites in the Foidel Creek Mine. Ap-
prox imately 10 ft of coal is being mined 
from the Wadge Seam, which ranges ftom 7 
to 11 ft thick. Site 1 is located ap-
proximately 2,150-ft north of the portal 
under 283 ft of overburden. Site 2 is 
located 1,300-ft north of site 1 under 
527 ft of overburden (fig. 12). Crosscut 
dimensions at site 1 are approximately 19 
ft wide by 9.5 ft high; at site 2, cross-
cut dimensions are 19 ft wide by 10 ft 
high. 
o 
'-'-'4~0 I Overcoring -rr 0 
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FIGURE 12.-Mine layout and drill sites, Foldel Creek Mine. 
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Hole 1 was drilled vertically down into 
the sandstone-shale-mudstone floor at 
site 1. Five sets of deformation mea-
surements were performed starting at a 
depth of 10.8 ft and concluding at 16.2 
ft below the floor surface. Hole 2 was 
drilled vertically up into the mudstone-
sandstone roof at site 1. Five sets of 
deformation measurements were performed 
starting at a depth of 10.1 ft and con-
cluding at 15.7 ft above the roof sur-
face. Hole 3 was drilled vertically down 
into the sandstone-mudstone floor at site 
2. Five sets of deformation measurements 
were performed starting at a depth of 
10.5 ft and concluding at 15.8 ft below 
the floor surface. Hole 4 was drilled 
vertically up into the mudstone-sandstone 
roof at site 2. Six sets of deformation 
measurements were performed starting at a 
depth of 10.6 ft and concluding at 16.6 
ft above the roof surface. Cores were 
recovered from all boreholes and biaxial-
ly tested at the sites for Young's modu-
lus (table 6). Additional physical prop-
erty testing of these and other cores was 
performed in a Bureau laboratory and is 
presented in appendix B. Poisson's ratio 
values were taken from these tests to 
calculate the stresses. 
Secondary horizontal principal stresses 
and stress directions were calculated for 
each overcoring stress relief (table 7). 
A representation of the stress magnitudes 
and directions are presented in fig-
ures 13 to 16. In the floor and roof at 
TABLE 6. - Young's modulus from biaxial tests 
at Foidel Creek Mine 
Relief x Eml n, 106 x Emax, 
si psi 
, HOLE 1 IN FLOOR2 , 
2 ••••••••••••••••• 12.3 2.90 3.03 27 
3 ••••••••••••••••• l3.4 4.77 5.61 60 
4 ••••••••••••••••• 14.4 3.40 3.84 33 
5 ••••••••••••• • ••• 15.6 2.63 2.87 -23 
SITE 1 HOLE 2 IN ROOF , , 
1 ••••••••••••••••• 10.6 l. 76 l.92 50 
2 ••••••••••••••••• 11.7 1.40 l. 57 26 
3 ••••••••••••••••• 12.8 1.15 1.28 43 
4 ••••••••••••••••• 13.8 .83 .92 -40 
5 ••••••••••••••••• 15.2 l. 03 l. 18 17 
SITE 2, HOLE 3, IN FLOOR 
1 ••••••••••••••••• 11.0 l. 95 2.30 27 
2 ••••••••••••••••• 12. 1 1. 97 2.56 5 
3 ••••••••••••••••• l3.2 2.94 3.49 21 
4 ••••••••••••••••• 14.3 2.50 2.71 16 
5 ••••••••••••••••• 15.3 2.29 2.78 36 
SITE 2, HOLE 4, IN ROOF 3 
1 ••••••••••••••••• 11. 1 1. 46 l. 62 63 
2 ••••••••••••••••• 11.9 1. 29 l. 87 87 
3 ••••••••••••••••• 12.9 2.15 2.29 71 
5 ••••••••••••••••• 14.9 l. 47 l. 59 48 
6 ••••••••••••••••• 16.0 l. 02 l. 22 54 
E Young's modulus. 
lpositive angle measured counterclockwise from VI (north) 
to Eml n• 
2Data are missing because the overcore retrieved was too 
short to test. 
3Data are missing because the overcore retrieved failed 
during the biaxial test. 
TABLE 7. - Secondary horizontal 




1 .......... 11.3 -1,006 -587 
2 ••••••••• 12.3 -798 -468 
3 ••••••••• 13.4 -652 35 
4 .......... 14.4 1,011 1-457 
5 ............. 15.6 -955 -531 
SITE 1, HOLE 2, IN ROOF 
1 ............. 10.6 -734 -487 
2 ............. 11.7 -802 -386 
3 .... ., 1.11 ...... 12.8 -586 -335 
.......... 13.8 -902 -387 
5 .............. 15. 1 -788 -331 
SITE 2 HOLE 3 IN FLOOR , . , 
1 ............... 11. ° 1-1,209 -286 
2 ........ ., ... 12.1 -3,817 -833 
3 ............. 13.2 -3,109 -610 
4 ...... ., ., ...... 14.3 -1,181 -636 
5 ......... ., 0: .. 15.3 -988 -411 
SITE 2 HOLE 4 IN ROOF • , 
1 ... ., .......... 11.1 -1,036 -968 
2 ................ 11.9 
3 ••••••••• 12.9 
4 ................. 13.9 
5 ............... 14.9 
6 ............ 16.0 
P Maximum .l .y 
sive stress. 
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FIGURE 14.-Plot of secondary principal stresses for Foldel 
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FIGURE 15.-Plot of secondary principal stresses for Foidel 
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FIGURE l6.-Plot of secondary principal stresses for Foldel 




site 1 (holes 1 and 2), a decrease of 
stress occurred near the 13-ft depth. 
The stress direction, however, remained 
constant at the various depths mea-
sured. In the floor at site 2, hole 3, 
a sandstone body was present at a depth 
of 11.6- to 13.3-ft deep. The average 
stress determined from reliefs 2 and 3 
was about 2.7 times (2,092 psi versus 785 
psi) higher than the average stress in 
adjacent strata determined from reliefs 
1, 4, and 5. However, the stress direc-
tion in the sandstone body was the same 
as the adjacent strata. The E value for 
the sandstone body was only 13% higher 
than the E value of the adjacent strata. 
The reason for this stress magnitude 
anomaly has not been determined. In the 
roof at site 2, the stress magnitude 
decreased with depth. 
RIENAU NO. 2 MINE 
Deformation measurements were made at 
two sites in the Rienau No. 2 Mine. Ap-
proximately 8 ft of coal was mined at 
site 1 and about 10 ft of coal was mined 
at site 2 from the G Seam, having an 
average thickness of 18 to 20 ft. Site 1 
is located approximately 1,560-ft north 
of the portal under about 775 ft of over-
burden. Site 2 is located approximately 
1,860-ft west of the portal under about 
735 ft of overburden (fig. 17). The mine 
opening dimensions at site 1 are 18.5 ft 
wide by 10 ft high on one side and 6.5 ft 
high on the opposite side. The unusual 
mine opening shape resulted from a 20° 
dip in the coal seam. The mine opening 
dimensions at site 2 are approximately 
18 ft wide by 10 ft high. 
Hole 1 was drilled vertically down at 
site 1 into the predominantly sandstone 
floor. Four sets of deformation measure-
ments were performed starting at a depth 
of 14.2 ft and concluding at 18.7 ft 
below the floor surface. Hole 2 was 
drilled vertically up at site 1 into the 
predominantly sandstone roof. Five sets 
of deformation measurements were per-
formed starting at a depth of 12 ft and 
concluding at a depth of 17.1 ft above 
FIGURE 17.-Mine layout and drill sites, Rienau No.2 Mine. 
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TABLE 8. - 's modulus from biaxial tests 
at Rienau No. 2 Mine 
counterclockwise from UI (N 88° E) 
to Em t n. 
2Data are miss for relief 2 because the overcore re-
trieved was too short to test. 
the roof surface. Hole 3 was drilled 
vertically down at site 2 into the mud-
stone floor. After drilling through 
approximately 3 ft of coal and 5.5 ft of 
rock, a 9-ft-thick seam of coal was en-
countered. Beneath this coal was about 
4 ft of mudstone where two sets of de for-
mation measurements 
at 20.6-ft and 
were made, starting 
at 22.8-ft be-
low the floor surface. 
were tested on for's 
modulus (table 8). ical property 
tes of overcores and additional cores 
was performed in a Bureau laboratory, and 
results are in appendix B. 
Poisson's ratio values were taken from 
these tests to calculate the stresses. 
The average's modulus ) values 
for the floor range 3.06 x 10 6 to 6.82 
x 10 6 psi, and the average E values for 
the range from 4.06 x 10 6 to 5.04 
x 10 psi 8). Individual sets of 





in the roof were 
Se horizontal p stresses 
and stress directions were calculated 
from each set of deformation measurements 
(table 9). A ion of these 
stress tudes and directions are pre-
sented in f 18 to 20. The maximum 
horizontal stress (P) at site 1 decreased 
abruptly in the floor and roof at a depth 
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FIGURE 1f1.-Plot of secondary principal stresses for Rienau 
No.2 Mine hole 1. 
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TABLE 9. - Secondary horizontal 
principal stresses at Rienau 
No. 2 Mine 
Relief 
I 
Depth, I ~' 
. ft . psi 
SITE 1 HOLE 1 , , 
1 ••.•••• 14.8 -1,893 
2 ••••••• 15.8 -698 
3 ••••••• 17.2 -1,836 








SITE 1 HOLE 2 IN ROOF , 
1 ••••••• 12.5 -1,211 -371 
2 ••••••• 13.5 -986 -356 
3 ••••••• 14.5 -488 -331 
4 ••••••• 15.5 -1,114 -834 
5 ••••••• 16.6 -1,288 -952 
1 ••••••• 
2 ••••••• 
P Maximum principal 
sive stress. 




N 63° W 
N 4° E 
N 25° E 
N 4° E 
N 59° W 
N 58° W 
N 87° W 
N 75° W 
S 86° W 
N 81° W 
N 86° W 
compres-
compres-
19) and then returned to the maximum hor-
izontal stress measured closer to the 
mine opening. However, the highest E 
value was measured at the 15-ft depth. 
Geology, geometry, and interaction be-
tween strata layers could account for the 
decrease in horizontal stress. In the 
floor at site 2, the horizontal stresses 
were determined at a depth of approxi-
mately 22 ft (fig. 20). The minimum hor-
izontal stress (Q) for the last deforma-
tion measurement before another coal seam 
was encountered in the floor was tensile; 
however, the average ground stress at 
this location was compressive. 
-2,000 
-1,600 
.~ -1,200 P 
KEY 
if; 
Horizontal stresses : 
(f) P Maximum 
w 
a: Q Minimum 
I- -800 (f) 
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FIGURE 19.-Plot of secondary principal stresses for Rienau 
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FIGURE 20.-Plot of secondary principal stresses for Rienau 
10. 2 Mine hole 3. 
INTERPRETATION OF RESULTS 
A least-squares method of calculating 
the average rock stress components in the 
horizontal plane was performed (10). 
This least-squares analysis provided a 
means to determine multiple correlation 
coefficient, variance, and scatter for 
the deformation measurements. Confidence 
limits can also be 
secondary horizontal 
and stress directions. 
calculated for the 
principal stresses 
The multiple cor-
relation coefficient, variance, scatter 
for deformation measurements, and con-
fidence limits for each mine appear in 
appendix A. 
EAGLE NO. 5 MINE 
The average maximum (P) and minimum (Q) 
horizontal compressive stresses from the 
least-squares analysis are shown below. 
Site 1, floor: P -577 psi, N 20° W, 
Q -199 psi, N 70° E. 
Site 1, roof: P -235 psi, N 12° E, 
Q -185 psi, N 78° w. 
Site 2, floor: P -363 psi, N 4° W, 
Q -133 psi, N 86° E. 
It is of value to determine, statisti-
cally, if P and Q were significantly dif-
ferent at a particular site (10). A 95% 
confidence level was used. In-the floor 
and roof, P and Q were determined statis-
tically to be significantly different, 
hence a biaxial stress field existed. 
The biaxial stress field in the roof at 
site 1 had a P:Q ratio less than 1.5:1. 
The biaxial stress field in the floor at 
both sites had a P:Q ratio of about 3:1. 
The maximum stress (P) in the floor at 
site 1 and site 2 was statistically de-
termined to be significantly different; 
however, the minimum stress (Q) at both 
sites was determined not to be signifi-
cantly different (fig. 21). 
The horizontal component of stress, Sh, 
due to overburden (Poisson's effect) can 
be approximated from 
v 
Sh = I-v Oz (1) 
where v = Poisson's ratio, 
and Oz vertical stress, psi. 
Using the laboratory~etermined Pois-
son's ratio (secant value) and assuming 
1 psi per foot of overburden, the hori-
zontal stress components become the 
following: 
Site 1, floor: Sh 
-155 psi. 
Site 1 














FIGURE 21.-Average horizontal stresses at each hole in Eagle 
No.5 Mine. 
Site 1, roof: 1~~~1 (-630 psi) 
-167 psi. 
Site 2, floor: Sh 
-67 psi. 
Subtracting these values from the 
calculated average maximum and minimum 
horizontal compressive stresses, the re-
maining values are the average ex-
cess horizontal compressive stresses (P', 
Q' ).6 
6The excess horizontal stress is calcu-
lated to eliminate the overburden effects 
for comparison of horizontal stresses 
measured at various depths. However, the 
measured stress would still be used for 
mine design. 
The magnitude of the stresses indicated 
excess horizontal stress was present in 
the floor. At site 1, the average excess 
horizontal stress (43 psi) in the roof 
was approximately 18% of the average 
excess horizontal stress (233 psi) in the 
floor. The average excess floor stress 
(233 psi) was about 35% of the estimated 
vertical stress (660 psi), and the aver-
age excess roof stress (43 psi) was only 
about 7% of the estimated vertical stress 
(630 psi). At site 2, the average excess 
floor stress (181 psi) was approximately 
56% of the estimated vertical stress (325 
psi) • 
APEX NO. 2 MINE 
The average maximum (P) and minimum (Q) 
horizontal compressive stresses from the 
least-squares analysis are shown below. 
Site 1, floor: P -257 psi, N 19° W, 
Q -213 psi, N 71° E. 
Site 1, roof: P -567 psi, N 86° W, 
Q -493 psi, N 4° E. 
In both the floor and roof, P and Q 
were determined statistically (using a 
95% confidence level) not to be signifi-
cantly different, hence, a biaxial stress 
field did not exist at the test site 
(fig. 22). 
The average horizontal stress compo-
nents calculated in the roof were approx-
imately 2.2 times greater (P = 567 psi 




- 257 psi 
Floor 
FIGURE 22.-Average horizontal stresses at each hole in Apex 
No.2 Mine. 
213 psi) than in the floor (figures 10 
and 11). Examining the roof (fig. 11) at 
9.5 ft (approximately 2 times the mining 
height), the stress magnitude increased 
about 26% over the previous three average 
stress magnitudes (463 psi), and the 
stress magnitude at 10.6 ft was 35% high-
er, even though the average Young's modu-
lus (E) was lower by 29% at these two 
depths than the previous three average E 
values. The reason(s) for these differ-
ences have not been determined. 
The horizontal component of stress, Sh, 
due to overburden is approximated from 
equation I--
Floor: Sh 
.26 ( -420 psi) 1-.26 
-148 psi. 
Roof: S h 
.19 ( -400 psi) 1-.19 
-94 psi. 
Subtracting these values from the cal-
culated average maximum and minimum hori-
zontal compressive stresses, the re-
maining values are the average excess 
horizontal compressive stresses. 
Site 1, floor: P' -109 psi, N 19° W, 
Q' -65 psi, N 71° E. 
Site 1, roof: P' -473 psi, N 86° W, 
Q' -399 psi, N 4° E. 
The average excess horizontal stress 
(436 psi) present in the roof is 5 times 
the average excess horizontal stress (87 
psi) in the floor. The average excess 
floor stress (87 psi) is about 21% of 
the estimated vertical stress (420 psi); 
whereas, the average excess roof stress 
(436 psi) is 109% of the estimated verti-
cal stress (400 psi). 
FOIDEL CREEK MINE 
The average maximum (P) and minimum (Q) 
horizontal compressive stresses from the 






P and Q 
(using 
floor: P -923 psi, N 14° W, 
Q -476 psi, N 76° E. 
roof: P -786 psi, N 57° W, 
Q -376 psi, N 33° E. 
floor: P -1,956 psi, N 72° W, 
Q -555 psi, N 18° E. 
roof: P -875 psi, N 84° W, 
Q -673 psi, N 6° E. 
floor and roof at both sites, 
were determined statistically 
a 95% confidence level) to be 
19 
significantly different, hence, a biaxial 
stress field existed (fig. 23). 
A sandstone body was present at a depth 
of 11.6 to 13.3 ft in the floor at site 
2, resulting in a high maximum horizon-
tal stress of -1,956 psi (fig. 15). If 
stresses in the sandstone body are not 
used to calculate the average horizontal 
field stresses in the floor, the results 
are 
P -1,132 psi, N 79° W, 
and Q -433 psi, N 11° E. 
These stress values 
at 11 ft and 14 to 
are representative 
15 ft deep in the 
floor. Stress direction in the sandstone 
body was only 7° from the stress direc-
tion in the adjacent strata. The sand-
stone body appeared to act as a stiff 
beam supporting higher stress components. 
In the floor at both sites (with and 
without the sandstone body at site 2), 
the maximum stress components (P) were 
statistically determined to be signifi-
cantly different (lQ); however, the mini-
mum stress components (Q) were not sig-
nificantly different. In the roof at 
both sites, the maximum components were 
determined not to be significantly dif-
ferent, while the minimum stress compo-
nents were determined to be significant-
ly different. Site 1 was approximately 
1,200-ft north of an oblique strike-slip 
fault with a 0.9- to 3.0-ft vertical dis-
placement, and approximately 600-ft 
northwest of a low-angle shear fault of 
less than 1-ft vertical displacement. It 
is not known how much, if any, the 
stresses are influenced by the faults at 
this site. The stress direction between 
the floor and roof at site 2 statisti-
cally shows no difference. The stress 
direction in the floor is N 72° W ±8°, 
and the stress direction in the roof is 
N 84° W ±9°. 
The horizontal component of stress, Sh, 
































Site 2, roof: 
.29 
1- .29 (-508 psi) 
-207 psi. 
Subtracting these values from the cal-
culated average maximum and minimum 
horizontal compressive stresses, the 
remaining values are the average excess 
horizontal rompressive stresses. 
Site 1, floor: P' -890 psi, N 14° W, 
Q' -443 psi, N 76° E. 
Si te 2 
\----+-___ -1--875 psi 






FIGURE 23 .-Average horizontal stresses at each hole in Foidel Creek Mine. 
Site 1, roof: P' -702 psi, N 57 0 W, 
Q' -292 psi. N 33 0 E. 
Site 2, floor: P' -1,820 psi, 
N 72 0 W, 
Q' -419 psi, 
N 18 0 E. 
Site 2, roof: pI -668 psi, 
N 84 0 W, 
Q' -466 psi, 
N 6 0 E. 
At site 1, the average excess horizon-
tal stress (497 psi) in the roof was 
approximately 75% of the average excess 
horizontal stress (667 psi) in the floor. 
At site 2, the average excess horizontal 
stress (567 psi) in the roof was approxi-
mately 51% of the average excess horizon-
tal stress (1,120 psi) in the floor. At 
site 1, the average excess floor stress 
(667 psi) was 2.2 times the estimated 
vertical stress (301 psi), and the aver-
age excess roof stress (497 psi) was 
about 1.9 times the estimated vertical 
stress (265 psi). At site 2, the average 
excess floor stress (1,120 psi) was about 
2.1 times the estimated vertical stress 
(545 psi) and the average excess roof 
stress (567 psi) was 1.1 times the esti-
mated vertical stress (508 psi). 
RIENAU NO. 2 MINE 
The average maximum (P) and minimum (Q) 
horizontal compressive stresses from the 
least-squares analysis are shown below. 
Site 1, floor: P -1,481 psi, N 9 0 E, 
Q -1,200 psi, N 81 0 w. 
Site 1, roof: P -1,024 psi, N 67 0 W, 
Q -599 psi, N 23 0 E. 
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Site 2, floor: P -360 psi, N 83 0 W, 
Q - 14 psi, N 7 0 E. 
At site 2, only two ove:ccore stress 
reliefs were performed in the floor, 
because the poorly cemented floor rock 
separated. 
In the floor at site 1, P and Q were 
determined statistically (using a 95% 
confidence level) not to be significantly 
different, hence, a biaxial st~eSG field 
did not exist. However, in the roof , P 
and Q were Bignificant1y different, 
hence, a biaxial stress field existed. 
In the floor at site 2, P and Q were 
determined to be significantly different, 
thus a biaxial stress field existed ( f ig . 
24). 
At site 1, the average maximum stress 
magnitude in the floor was approximately 
31% higher than in the roof. 
Approximately 800 ft south of site 2, 
the coal outcropped into a gulch and 
appeared to relieve most of the stress 
(fig. 25). With loss of confi~ement 
south of the site, the principal horizon-
tal stress direction rotated to an eas t -
west direction. 
Site I Site 2 
N6rw N83~360psi 
f-I4r;si 
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FIGURE 2S.-Cross section of the Rienau No. 2 Mine showing site location to topography. 
At site 1, the maximum stress compo-
nents (P) between the floor and roof were 
determined statistically not to be sig-
nificantly different. 
The horizontal component of stress, Sh, 
due to overburden is approximated from 
equation 1--





Site 1, roof: 
.18 (-735) 1-.18 
-161 psi. 
Site 2, floor: .13 (-765) 
1-.13 
-114 psi. 
Subtracting these values from the cal-
culated average maximum and minimum com-
pressive stresses, the remaining values 
are the average excess horizontal com-
pressive $tresses. 
Site 1, floor: P' -1,333 psi, N 9° E, 
Q' -1,052 psi, 
Site 1, roof : P' 
Q' 
Site 2, floor: P' 
Q' 
The tensile value 
the floor at site 2 
t racting out the 
overburden and may 
an in situ tensile 
value indicated a 
in the north-south 
-863 psi, [II 67° W, 
-438 psi, N 23° E. 
-246 psi, N 83° W, 
100 psi, N 7° E. 
of Q' (100 psi) in 
was a result of sub-
expected effects of 
or may not represent 
st ress. The stress 
loss of confinement 
direction, possibly 
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because of the gulch and/or coal outcrop. 
At site 1, the average excess horizontal 
stress (651 psi) in the roof was approxi-
mately 55% of the average excess horizon-
tal stress (1,193 psi) in the floor. The 
average excess floor stress (1,193 psi) 
was about 1.6 times the estimated verti-
cal stress (775 psi), and the average ex-
cess roof stress (651 psi) was about 0.9 
of the estimated vertical stress (735 
psi). At site 2, the average excess 
floor stress (73 psi) was only about 0. 1 
of the estimated vertical stress (765 
psi) • 
STRESS TRENDS IN THE YAMPA COALFIELD 
The primary objective of measuring the 
horizontal stresses in the Yampa Coal-
field was to determine if a trend existed 
in the horizontal stresses, and if that 
t~end could be used to project the 
stresses for improved mine design. Fig-
ure 26 shows the excess horizontal 
stresses in the floor, and figure 27 
shows the excess horizontal stresses in 
the roof for each mine in the Yampa Coal-
field. Excess horizontal stresses deter-
mined at site 1 in the Rienau No. 2 Mine 
are also shown in these figures. 7 The 
average excess horizontal stresses (P' 
and Q') for each mine are from the least-
squares analysis. These stresses are 
used for comparison between mines, since 
the effects of the different overburden 
depths (280-600 ft) have been eliminated 
from each site. Stress magnitudes and 
directions are represented by the ellip-
ses in these figures. 
The maximum excess horizontal compres-
sive stress in the floor of the three 
mines in the Yampa Coalfield ranged from 
109 to 1,372 psi, and the minimum excess 
horizontal compressive stress ranged 
from 65 to 560 psi. The direction of the 
7Stresses determined from site 2 in the 
Rienau No. 2 Mine were not included be-
cause of the topographic relief at the 
si te. 
average maximum excess stress (PI) ranged 
from N 15° W to N 66° W (fig. 26). Vari-
ability of stresses in the floor indi-
cated no consistent trend in the stress 
magnitudes or stress directions (fig. 
26). The maximum excess horizontal com-
pressive stress in the roof ranged from 
68 to 664 psi, and the minimum excess 
horizontal compressive stress ranged 
f r om 18 to 399 psi. The direction of the 
average maximum excess stress (P') ranged 
from N 12 ° E to N 63° W (fig. 27). Vari-
ability of stresses in the roof also in-
dicated no consistent trend in the stress 
magnitudes or stress directions. In the 
Eagle No. 5 Mine, the average excess roof 
stress magnitude was 18.5% of the excess 
floor stress; in the Foidel Creek Mine, 
the average excess roof stress magnitude 
was 59.5% of the excess floor stress; in 
the Apex No. 2 Mine, the average excess 
roof stress magnitude was five times the 
excess floor stress. Stress direction 
varied between the floor and roof by 32° 
in the Eagle Mine and an average of 28° 
in the Foidel Creek Mine. The horizontal 
stress field was nonbiaxial in the Apex 
No. 2 Mine. The larger stress magnitude 
varied between the floor and roof, as did 
th~ stress direction. Since variation of 
str2ss direction between floor and roof 
existed, it is difficult to know which 
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FIGURE 26.-ln situ horizontal stress determination In the floor from the Yampa and Danforth Hills Coalfields (outlined area indi-
cates Yampa Coalfield). 
From these results, it does not appear 
that a consistent horizontal stress mag-
nitude or direction was acting over the 
Yampa Coalfield. Therefore, it would be 
difficult to accurately predict the mag-
nitude or direction of the horizontal 
stresses at other sites in the coalfield. 
However, from the standpoint of mine 
design, a stress trend does exist in the 
Yampa Coalfield. The magnitude of the 
maximum measured horizontal stresses 
ranged from 235 to 1,481 psi (in the 
Beckley District in West Virginia these 
stresses ranged from 3,172 to 3,815 psi), 
while ground control problems were not 
prevalent in the existing mines where 
the overburden was less than 1,000 ft. 
Therefore, a trend of relatively low 
stress magnitudes existed in the Yampa 
Coalfield. Because ot this trend, the 
Foidel Creek 






FIGURE 27.-ln situ horizontal stress determination In the roof from the Yampa and Danforth Hills Coalfields (outlined area Indicates 
Yampa Coalfield). 
magnitude and direction of the horizontal 
stresses will not be critical to the ini-
tial mine design in the Yampa Coalfield 
when the overburden is less than 1,000 
ft. 
SUMMARY AND CONCLUSIONS 
This report presented the horizontal 
principal stresses and rock properties 
in the floor and roof of three mines in 
the Yampa and one mine in the Danforth 
Hills Coalfields. A general overview of 
mine geology was also presented. In the 
Yampa Coalfield, the maximum horizontal 
principal compressive stress (P) in the 
floor ranged from 257 to 1,956 psi, and 
the direction of the maximum horizontal 
principal stress ranged from N 4 0 W to 
N 72 0 W. The maximum horizontal prin-
cipal compressive stress (P) in the 








N 12° E to 
Research results showed that a trend of 
relatively low horizontal stresses was 
present in the Yampa Coalfield. The lack 
of ground control problems in the operat-
ing underground mines suggest that at 
depths less than 1,000 ft, existing mine 
design may be adequate for the ho r izontal 
stresses present. The differences in the 
direction and magnitude of the horizon-
tal stresses between the floor and roof 
strata are currently unexplained, as is 
the effect of faults and sand bodies on 
the stress field. As mining proceeds un-
der greater overburden, the potential for 
ground control problems increases; if 
this condition occurs, a study of stress 
differences between floor and roof and 
the effect of faults and sand bod i es on 
the stress field should be considered. 
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APPENDIX A. --INPUT DATA AND STRESS CALCULATIONS FOR MINES STUDIED 
Deformation measurements from each overcoring stress relief, Young's modulus (E) 
determined from biaxial tests, and Poisson's ratio determined from laboratory tests 
are provided in the tables that follow. Results from the least-squares plane-strain 
solution are also included for the mines studied. The significance of the P and Q 
solution for each hole in the four mines is presented in table A-9. The following 
equation (10)' is used to determine if P and Q are significantly different at a par-
ticular site, If 
(A-l) 
where ta is the table value of student's t statistic for the desired probability, a, 
with n-3 degrees of freedom, 
SE is the standard error of the data, 
and Cll, Cl2, C22 are constants from least-squares calculation, then it can be 
said, with less than a probability of being incorrect, that P differs signif-
icantly from Q. 
It is also possible to compare any stress component determined at one site to the 
corresponding stress component determined at another site (~) using the following 
equation. If 
Ip - P'~ . > ta(n+n'-6) 
[
(n-3)SE + (n'-3)S'E 2 ] -1/2 
n + n'-6 
(A-2) 
where P and P' are the corresponding stress components, then P and P' are signifi-
cantly different. Least-squares plane strain solution for multiple holes within a 
mine are presented in table A-ll. There were two holes in the floor of the Eagle 
No. 5 Mine, and there were two holes in the floor and roof of the Foidel Creek Mine. 
'Underlined numbers in parentheses refer to items in the list of references preced-
ing the appendixes. 
TABLE A-I. - Input data for least-squares analysis, 
Eagle No. 5 Mine 















5 •• .••••••••••••• 
90 -673 -1,389 
-193 -316 -2,264 
-198 -459 -1,826 
-521 -724 -1,918 







, , SITE 2 HOLE 2 3 IN FLOOR 
39 -840 -947 1. 28 
-115 -780 -956 41. 28 
-159 -676 -616 2.35 
43 -269 -246 3.00 
74 -179 -886 1. 18 ---
., , SITE 1 HOLE 3 5 IN ROOF 
-45 -301 -312 1. 29 
-201 -560 -463 .83 
-98 -399 -335 .85 
-190 -344 -333 .85 












Eav Average Young's modulus. 
lNegative values indicate compression. 
20verburden depth, 660 f t. 30ver burden depth, 325 ft. 
4E value from relief 1 was also used for relief 2 (hol e 2) . 
50verburden depth, 630 ft. 
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TABLE A-2. - Results from least-squares plane-strain solution for Eagle No. 5 Mine 
Hole 1 Hole 2 Hole 3 Hole 1 Hole 2 Hole 3 
P ••••••••••••• psi •• -577 -363 -235 SE(xy) ••.••••• psi •• 23 20 6 
Q ••••••••••••• psi •• -199 -133 -185 n ••••••• • ••• •••• • •• 12 15 15 
e •••••••••••.• deg •• 25 9 -7 Eu 2 x 10- 6 ••••• in •• 19 . 5870 5.7 381 7. 7722 
SE(e) ••••••••• deg •• 3 5 7 Ee 2 x 10- 7 •••• • in • • 7. 6890 5.263 2 1. 0842 
Dx •••••••••.•• ps i •• -243 -134 -187 R 2 ••••••••••••••• " •• .9607 .9083 .9861 
Dy •••••••••••• psi •• -533 -361 -232 SE x 10- 4 •••••• in •. 2. 9229 2. 0943 .9505 
Txy ••••.••••• psi •• 121 16 -10 C 11 x 10 10 ••••••••• 1. 77 56 20 5402 1.0010 
SE(x) ••••••••• psi •• 39 33 10 C22 x 10 1 O ••••••••• 1. 7756 2. 540 2 1. 001 0 
SE(y) ••••••••• psi •• 39 33 10 C'2 x 10
9 •••••••••• 6.2125 8. 8016 4.1368 
P Max1mum secondary principal compressive stress. 
Q Minimum secondary principal compres s ive stress. 
e Positive angle measured counterclockwise from U 1 (location of fi r st def ormat i on 
measurement) to Q. 
SE Standard error. 
Dx Stress component, east, with respect to x-y coordinate system. 
Dy Stress component, north, with respect to x-y coordinate system. 
Txy Shear stress component. 
n Number of deformation measurements. 
Eu 2 Deformation sum of squares. 
Ee 2 Residual sum of squares. 
R2 Multiple correlation coefficient squared. 
SE Standard error at 95% confidence leve l. 
C,l, C22, C~ Constants from least-squares calculationso 
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TABLE A-3. - Input data for least-squares analysis, 
Apex No. 2 Mine 
Relief 
1 ••••••••.•••••. -217 -161 
2 ••••••••••••••• -132 -186 
3 ••••••••••••••• -148 -161 












SITE 1, HOLE 2,3 IN ROOF 
1 ••.•••••.•••••. -344 -261 -240 
2 ••••••••••••••• -344 -501 -294 
3 ••• 0 0 •••••••••• -315 -409 -238 
4 ••••••••••••••• -823 -758 -562 
5 ••••••••••••••• -737 -783 -766 
Eav Average Young's modulus. 
1Negative values indicate compression. 
20verburden depth, 420 ft. 












TABLE A-4. - Results from least-squares plane-strain solution for Apex No. 2 Mine 
Hole 1 Hole 2 Hole 1 
P ••••••••••• .:; ••• _psi •• -257 -567 SE(xy) ...•••••••• psi •• 14 
Q •••••••••••••••• psi .. -213 -493 n •••.•••••..•••.••.••• 15 
B •••••••••••••••• deg •• 59 ·54 I:u 2 x 10- 6 •••••••• in •• 0.8253 
SE(B) ••••••.••••• deg •• 16 18 I:e 2 x 10- 7 •••••••• in •• .4043 
0x_ ••••..•....... psi •• -252 -567 R 2 ••••••••••.••••••••• .9510 
ay ••••••••••••••• psi •• -218 -493 SE x 10- 4 ••••••••• in .. .6702 
Txy ••••••••.••••• psi •• 14 5 C11 x 101 O •••••••••••• 11.2501 
SE(x) •••••.•••••• psi •• 22 45 C22 x 10 1 O •••••••••••• 11.2501 
SE(y) ••••••••.••• psi •• 22 45 C12 x 10 9 ••••••••••••• 41.0775 
P Maximum secondary principal compressive stress. 
Q Minimum secondary principal compressive stress. 
8 Positive angle measured counterclockwise from U1 to Q. 
SE Standard error. 
ax Stress component, east, with respect to x-y, coordinate system. 
a y Stress component, north, with respect to x-y, coordinate system. 
Txy Shear stress component. 
n Number of deformation measurements. 
I:u 2 Deformation sum of squares. 
I:e 2 Residual sum of squares. 
R2 Multiple correlation coefficient squared. 
SE Standard error at 95% confidence level. 












TABLE A-5. - Input data for least-squares analysis, Foide1 Creek Mine 
(VI is N, V2 is N 60° W, V3 is N 60° E) 
Relief Def orma tion, I lli n 
SITE 1 HOLE 1 , , IN FLOOR 
1 ••••••••••••••••••••• -1,169 -804 -415 
2 ••••••••••••••••••.•• -947 -582 -361 
3 ••••••••••••••••••••• -545 -29 -90 
4 •••••••••••••••.••••• -925 -781 -127 
5 ••••••••••.•••••••••• -1,231 -746 -423 
SITE 1 HOLE 2 4 IN ROOF . 
1 •••••••.••••••.•••••• -749 -1,370 -735 
2 • •• •••••••••• • •••••• • -810 -1,965 -665 
3 ••••••••••••••••••••• -812 -1,688 -809 
4 ••••••••••••••••••••• -1,412 -3,605 -1,140 
5 ••••••••••••••••••••• -1,115 -2,614 -620 
, , SITE 2 HOLE 3 5 IN FLOOR 
1 ••••••••••••••••••••• 161 -1,956 -1,147 
2 ••••••••••••••••••••• -265 -6,325 -2,043 
3 ••••••••••••••••••••• -67 -3,830 -1,156 
4 ••••••••••••••••••••• -415 -1,346 -1,175 
5 ••••••••••••••••••••• -224 -1,393 -728 
, , SITE 2 HOLE 4 6 IN ROOF 
1 ••.••••••..••••••••.• -1,701 
2 •••••••••••••••••..•• -1,428 
3 ••••••••••••••••••••• -740 
4 ••••••••••••••••••••• -548 
5 ••••••••••••••••••••• -633 
6 ••••••••••••••••••••• -918 
Eav Average Young's modulus. 
INegative values indicate compression. 
20verburden depth, 300 ft. 
-2,020 -1,696 





3E value from relief 2 was also used for relief 1 (hole 1). 
40verburden depth, 265 ft. 
50verburden depth, 545 ft. 
60verburden depth, 510 ft. 
7E value from relief 3 was also used for relief 4 (hole 4). 

































TABLE A-6. - Results from least-squares plane-strain solution for Foidel Creek Mine 
Hole 1 Hole 2 
P •••••••••••••.•••••••••••••. at*psi. a -923 -786 
Q •••••••••••••••••••••••••••••• psi .. -476 -376 
e •••••••••••••••••.•.••.•..•• •• deg •• -76 -33 
SE(6) •••••••••••••••••••••••••• deg •• 4 3 
(J x .•........................... psi .. -503 -661 
aye ••••••••••..•...........•.•. psi •. -895 -501 
Txye .•••.•.•••••............••. psi .. 108 189 
SE(x) •••••••••••••••••••••••••• psi •• 59 32 
SE(y) ••..•••••••••••.••......•. psi .. 59 32 
SE(xy) ••••••••••••••••••••••••• psi •. 34 19 
n ••••••••••••••••••••••••••••••••••• 15 15 
Eu 2 x 10- 6 •••••••••••••••••••••• in .. 7.8515 40.2890 
Ee 2 x 10- 7 •••••••••••••••••••••• in •• 3.4945 7.3215 
R 2 •••••••••••••••••••••••••••••••••• .9555 .9818 
SE x 10- 4 ••••••••••••••••••••••• in .. 1.7065 2.4701 
C 11 X 10'° .........•.•.... " ......... 11.8207 1. 6300 
C22 x 10 ' O •••••••••••••••••••••••••• 11.8207 1. 6300 
C12 x 10 9 ••••••••••••••••••••••••••• 39.9321 5.8714 
P Maximum secondary principal compressive stress. 
Q Minimum secondary principal compressive stress. 
e Pos.itive angle measured counterclockwise from U 1 to Q. 




















ax Stress component, east, with respect to x-y, coordinate system. 
a y Stress component, north, with respect to x-y, coordinate system. 
Txy Shear stress component. 
n Number of deformation measurements. 
Eu 2 Deformation sum of squares. 
Ee 2 Residual sum of squares. 
R2 Multiple correlation coefficient squared. 
SE Standard error at 95% confidence level. 




















TABLE A-7. - Input data for least-squares analysis, 















-1,744 -709 -1,654 
-111 -257 -232 
-324 -1,173 -476 
-522 -2,015 -1,149 






























Eav Average Young's modulus. 
'Negative sign for deformations indicates compression. 
20verburden depth, 775 ft. 
30verburden depth, 735 ft. 
40verburden depth, 765 ft. 
> 
} 






TABLE A-8. - Results from least-squares plane-strain solution for Rienau No. 2 Mine 
Hole 1 Hole 2 Hole 3 Hole 1 
P •••••.•••• psi •• -1,481 -1,024 -360 SE(xy) ••••• psi •• 147 
Q •••••••••• psi •• -1,200 -599 -14 n ••••• • ••••••••• 12 
B •••••••••• deg •• -11 65 81 Eu 2 x 10- 6 •• in •• 14.8680 
SE(B) •••••• deg •• 23 9 5 Ee 2 x 10- 7 •• in •• 24.9510 
ax ••••.•••• psi •• -1,207 -959 - 355 R 2 •••••••••••••• .8322 
ay ••••••••• psi •• -1,474 -664 -19 SE x 10- 4 ••• in •• 5.2653 
Txy •••••• • ps i .. -43 153 42 C 11 x 10 '0 ...... 22.6427 
SE(x) •••••• psi •• 251 119 56 C22 x 10 1 O •••••• 22.6427 
SE(y) •••••• psi •• 251 119 56 C'2 x 10 9 ••••••• 78.1076 
P Maximum secondary pr~ncipal compressive stress. 
Q Minimum secondary principal compressive stress. 
B Positive angle measured counterclockwis e from U, to Q. 
SE Standard error. 
ax Stress component, east, with respect to x-y, coordinate system. 
a y Stress component, north, with respect to x-y, coordinate system. 
Txy Shear stress component. 
n Number of deformation measurements. 
Eu 2 Deformation sum of squares. 
Ee 2 Residual sum of squares. 
R2 MUltiple correlation coefficient squared. 
SE Standard error at 95 % confidence level. 
C", C22, C'2 Constants from least-squares calculations. 
Hole 2 Hole 3 
70 33 
15 6 








TABLE A-9. Significance of difference between P and Q in each hole 
Hole 
1 •.••••••.• 
2 .......... . 
3 •••••••••• 
2 •••••••••• 









APEX NO. 2 MINE 
2.2620 1.7261 No 
2.1790 1.4456 No 
Hole 
1 .......... . 
2 ........... . 
3 .......... . 
4 ••• " •••••• 
1 ........... . 
2 .......... . 
3 •••••••••• 
Student's t statistic with n-3 of freedom. 
TABLE A-lO. Results from least-squares plane-strain solution 
for mUltiple holes within a mine 
Foidel Creek Foidel Creek 
Mine Mine Mine 
P.~ •••••••• psi •• 
Q .......... _psi •• 
6 •••••••••• 
SE (8) •••••• 
ax •••••••• _psi .• 
Oye ••••••• _psi •• 
Tx ••••••• psi •• 
SE ) •••••• 






















-810 SE(xy . ... . psi .... 
-509 n ................. 
-27 Eu 2 x 10- 6 •• in •• 
5 Ee 2 x 1O-7 •• in •• ! 
-748 R 2 ......... « ••••• 
-572 S x 1O-4 ••• in •• : 
122 Cll x 10 1 O •••••• 
43 C22 x 1010 •••••• : 
43 C12 x 10 9 ......... 
P Maximum secondary compressive stress. 
Q Minimum secondary principal compressive stress. 
8 Positive angle measured counterclockwise from 01 to Q. 
SE Standard error. 
ax Stress • east, with 
a y Stress component, north, with res 
to x-y, coordinate system. 
to x-y, coordinate system. 
Txy Shear stress component. 
n Number of deformation measurements. 
Eu 2 Deformation sum of squares. 
Ee 2 Residual sum of squares. 
R2 Multiple correlation coefficient s 
SE Standard error at 95% confidence level. 












APPENDIX B.--PHYSICAL PROPERTIES OF THE ROCK FROM MINES STUDIED 
Laboratory physical property testing of 
core from the sites was conducted on a 
MTS1 stiff testing machine. This is a 
closed loop, servocontrolled, hydraulic 
system with a load capacity of 600,000 Ib 
that can be programmed for either a con-
stant load or constant strain rate. A 
triaxial chamber was used to add confin-
ing pressure to the core for mUltistage 
triaxial tests. Because of the limited 
number of specimens available for test-
ing, multistage triaxial testing was per-
formed on a single test specimen. This 
procedure consists of selecting a lateral 
pressure (750 psi was selected) and ap-
plying one-third (250 psi) of this pres-
sure to the specimen in the triaxial 
chamber. An axial load is then applied 
to the specimen until the first sign of 
failure is observed by the operator. The 
axial load is then instantly released. 
Two-thirds (500 psi) of the lateral pres-
sure is applied, then the axial load is 
reapplied until the first sign of failure 
is observed. The axial load is instantly 
released again. The full lateral pres-
sure (750 psi) is applied and a third 
loading cycle performed. If the failure 
of the rock cannot be controlled and a 
second loading cycle performed, shear 
strength or angle of internal friction 
are not obtained. Multistage testing 
provides data to generate a Mohr's enve-
lope, from which shear strength and angle 
of internal friction are obtained. These 
data were obtained from single specimen 
multistage triaxial testing for the Eagle 
1Re ference to specific 
not imply endorsement by 
Mines. 
products does 
the Bureau of 
No. 2 Mine. The type of rock in the Apex 
No.2, Foidel Creek, and Rienau No. ? 
mines did not permit testing a com-
plete series of loading cycles on a sin-
gle specimen; therefore, no shear 
strength or angle of internal friction 
data were obtained. 
Linear variable differential transform-
ers (LVDT's) were used to measure the 
axial and lateral deformation of the test 
specimens . These measurements were used 
to calculate a tangent and secant Young's 
modulus (E) and Poisson's ratio (v). 
Values for E and v were calculated at 50% 
of the ultimate compressive strength as 
specified in the American Society for 
Testing and Materials (ASTM) standards 
(6).2 Calculated v values gr@ater than 
0~5 are not valid. These values of v in-
dicate that the test specimen was begin-
ning to fail, and are represented by NAp 
in the tables. Specimens drilled and 
tested in the horizontal direction pro-
vide an E value in the horizontal plane; 
however, the v value that would be ob-
tained normal to this plane is consid-
ered not valid and is also represented 
by NAp in the tables. Poisson's ratio 
values obtained from rock specimens for 
the Foidel Creek Mine indicated several 
specimens were beginning "to fail under 
50% of the ultimate compressive strength 
load, so 25% of the ultimate compres-
sive strength load was also used to com-
pute E and v. In addition, indirect ten-
sile strength tests (Brazilian) were 
performed. 
2Underlined numbers in parentheses re-
fer to items in the list of references 
preceding the appendixes. 
TABLE B-1. - Physical properties of the floor and roof at Eagle No. 5 Mine 
Length, Diameter, Lateral Compressive 50% of ultimate stress 
Location and depth Direction in in Sp gr pressure, strength, 10 6 x E I Poisson 1S ratio 
psi psi Tan J Sec 1 Tan J Sec 
SITE 1, HOLE 1 
Floor: 
7-8'0" ............. N 85 0 w ••••••• 4.243 2.080 2.431 0 12,213 1. 76 1.72 NAp NAp 
4.245 2.080 2.457 0 9,476 1. 65 1. 79 NAp NAp 
4.252 2.080 2.736 0 13,243 3.33 2.63 NAp NAp 
8'0"-9'0" .......... Vertical •••.•• 3.958 1.980 2.306 0 11,205 1.99 1.83 0.44 0.20 
3.958 1. 980 2.322 0 9,824 1.86 1. 69 .18 .07 
3.947 1.980 2.370 0 7,047 2.02 2.32 .35 .25 
3.955 1. 980 2.309 0 11,140 1.85 1.58 .39 . 15 
SITE 2, HOLE 2 
Floor: 7'6"-8'7" •••• N 50 E •••••••• 4.248 2.080 2.492 0 12,154 2.09 2.01 NAp NAp 
4.270 2.080 2.481 0 10,300 2.63 2.62 NAp NAp 
N 85° w ••••••• 4.235 2.080 2.499 0 12,861 3.47 3.26 NAp NAp 
4.241 2.080 2.518 0 8,387 3.82 3.14 NAp NAp 
4.238 2.080 2.503 0 10,153 3.39 3.48 NAp NAp 
SITE 1, HOLE 3 
Roof: 
O-IBu ••.•••••••.••• Vertical •••••• 4.246 2.090 1. 314 0 2,886 0.42 0.32 0.38 0.24 
2.200 2.090 1. 355 0 7,257 .60 .52 ND ND 
2.200 2.090 1. 355 250 7,345 .58 .54 ND ND 
2.200 2.090 1. 355 500 7,461 .55 .51 ND NO 
2.200 2.090 1. 355 750 7,374 .53 .47 ND NO 
4' 1 "-4' 5,,2 ......... • •• do ••••••••• 4.197 2.080 2.033 0 2,575 ND NO ND ND 
4.197 2.080 2.033 250 3,487 ND ND ND NO 
4.197 2.080 2.033 500 3,885 NO NO NO NO 
4.197 2.080 2.033 750 4,267 ND ND ND ND 
4'7"-5'0" .......... • •• do ••••••••• 4.225 2.080 2.482 0 4,620 .91 .83 .39 .25 
5'0"-5'6" • ••••••••• • •• do ••••••••• 4.215 2.080 2.528 0 7,917 1.43 1.47 ND NO 
5' S"-6 '0" 3 ••••••••• • •• do ••••••••• 2.083 2.080 2.521 0 8,211 ND ND ND NO 
2.083 2.080 2.521 250 9,153 ND NO NO NO 
2.083 2.080 2.521 750 9,947 NO ND NO ND 
6'1"-6'5" •••• •••••• • •. do •........ 4.206 2.080 2.322 
4.206 2.080 2.322 
4.206 2.080 2.322 
7'6"-8'0" .......... • •• do ••••••••• 4.288 2.080 2.478 
8'6" ............•.. • •• do ••••••••• 3.953 1. 965 2.402 
11'7" •.....••..•... · .• do ..•...••. 3.950 1. 965 2.275 
3.950 1. 965 2.325 
3.963 1.965 2.222 
3.965 1. 965 2.343 
3.962 1.965 2.277 
14'7" ••••.......••. · . . do ......••. 3.963 1. 965 2.179 
3.963 1.965 2.261 
3.965 1.965 2.269 
3.963 1. 965 2.155 
3.965 1.965 2.333 
SITE 2 HOLE 4 , 
Roof: 
0-8" 1 . . . . . . . . . . . . . . Vertical •••••• 4.215 2.080 1. 794 
1'8"-2·0" .......... · .. do ..•••••.. 4.181 2.080 2.197 
4 '4 "-4' 9" .......... · .. do ......... 4.197 2.080 2.483 
4'9"-5'2" •......... • •• do ••••••••• 4.207 2.080 2.443 
5' 5"-5' 10" ••••••••• • . . do •.•.•...• 4.197 2.080 2.349 
6'0"-6'6"4 ••••••••• · • • do •........ 4.194 2.080 2.394 
4.194 2.080 2.394 
6'6"-7'2" .......... · . . do .....••.. 4.194 2.080 2.394 
7' 10"-8' 3" ••••••••• • • • do ••••••••• 4.195 2.080 2.345 
8'3"-8'5"5 ••••••••• · . • do ........• 4.204 2.080 2.407 
4.190 2.080 2.338 
4.190 2.080 2.338 
4.190 2.080 2.338 
8'8"-9'0" .......... · . . do .....•••. 4.204 2.080 2.294 
E Young's modulus. 
NAp Not applicable. 
NO Not determined. 
sp gr Specific gravity. 
lCoal specimen. 
2Shear st rength, 896 psi; angle of internal friction. 22.88°. 
3Shear st~ength, 2,747 psi; angle of internal friction , 23.23°. 
4Shear strength, 1,329 psi; angle of internal friction, 30.01°. 






























4,620 .85 .91 NO NO 
4,665 .83 .89 NO NO 
5,194 .84 .91 NO NO 
6,092 1.18 .99 NAp .46 
5,573 1. 82 1. 10 NAp .21 
7,007 2.95 1. 83 NAp .37 
7,255 3.85 1.86 NAp .37 
6,694 2.80 1.85 NAp .48 
7,386 2.99 2.12 NAp .43 
7,601 3.14 2.22 NAp .36 
7,209 3.20 2.17 NAp .40 
7,243 3.42 2.52 NAp .47 
6,784 2.88 1.57 NAp .43 
7,056 4.80 2.60 NAp NAp 
9,011 4.10 2.97 NAp .42 
3,031 0.57 0.44 0.39 0.27 
3,844 .64 .45 .27 .19 
5,062 1.01 .93 .34 .21 
5,915 .31 .27 NO NO 
2,295 .49 .29 .26 .11 
5,356 NO NO NO NO 
6,107 ND NO ND NO 
6,515 .25 .24 NO NO 
2,192 .47 .37 .46 .31 
3,885 1.03 .78 NO NO 
4,768 ND NO NO NO 
5,489 NO ND i~O NO 
5,945 NO NO NO NO 
3,458 .38 .31 .52 .36 
38 
TABLE B-2. -Indirect tensile stre tests (Brazilian) 
of roof specimens at No.5 Mine l 
4'7" ••.•••...•.•.....•....•..... 2.097 2.090 2.078 341 
5'6" ...... 5'9" ...•................... 2.171 2.090 2.687 446 
341 6'5"-6'10" .•...•••...•.....•.•.• 2.116 2.090 2,081 253 
7'O"-7'3 tt ••••••••••••••••••••••• 2.063 2.090 1. 581 323 
11 t 7" ........................................... 1.882 1.965 2.191 650 
1. 934 1.965 2.283 356 374 
1. 958 1. 965 2.208 373 
1. 974 1. 965 , 2.127 259 
14'7" ••••••••••••••••.•••••••••• 1 1.783 1.935 2.413 264 
1.955 1. 935 2.301 343 
direction. 
39 
TABLE B-3. - Physical properties of the floor and roof at Apex No. 2 Mine 
Location Length, Diameter, Compressive 50% of ultimate stress 
and depth Di rection . in in Sp gr strength, 10 6 x E I Poisson's ratio 
psi Tan I Sec I 
SITE 1 HOLE 1 , 
Floor: 
2'-3'4" •• N 50° W •• 4.20 2.10 2.509 7,868 3.26 3.61 
4.19 2.10 2.423 3,580 2.33 1.47 
N 40° E •• 4.19 2.10 2.436 8,575 2.49 2.68 
4.20 2.10 2.444 4,735 2.45 1. 66 
11 ' •••••• Vertical. 3.57 1.77 2.530 14,060 2.61 2.61 
3.52 1.77 2.562 11,546 2.44 2.66 
3.32 1.77 2.563 10,749 2.53 2.37 
12' •••••• 3.50 1.77 2.503 15,449 2.92 2.38 
3.52 1.77 2.521 16,246 2.92 2.39 
3.52 l.77 2.544 14,142 2.67 2.45 
3.49 1.77 4.489 14,571 2.81 2.25 
SITE 1, HOLE 2 
Roof: 
3'1"-4'6" N 50° W •• 4.20 2.10 2.675 14,797 4.86 3.82 
4.18 2.10 2.558 9,932 2.80 2.57 
N 40° E •• 4.20 2.10 2.530 10.033 3.11 3.00 
4'6"-5'6" N 50° W •• 4.18 2.10 2.491 5,717 2.24 2.81 
4.20 2.10 2.586 8,142 3.03 2.94 
N 40° E •• 4.19 2.10 2.527 8,777 2.81 2.39 
8' 7" ••••• Vertical. 3.52 l.77 2.559 14,305 2.28 2.32 
3.52 1.77 2.581 13,692 2.50 l. 93 
10'7" •••• 3.52 1.77 2.466 9,564 1. 30 1.39 
3.52 l.77 2.464 9,441 1.27 l. 07 
Sp gr Specific gravity. E Young's modulus. NAp Not applicable. 
TABLE B-4. - Indirect tensile strength tests (Brazilian) 
of floor and roof specimens at Apex No. 2 Mine 1 
Location and depth 
Floor: 
11 ' ••••••••.•••••••••••••••.•• 
12 ' ••••.•.•.••.•••.•••••••••.• 





























Sp gr Specific gravity. lAll tests were in the vertical direction. 
























TABLE B-5. - Physical properties of the floor and roof at Foidel Creek hine 
Location Length, Diameter, Compressive 50% of ultimate stress 25% of ultimate stress 
and depth Direction in in Sp gr strength, 10 6 x E !Poisson's ratio 10 6 x E I Poisson's rat:io 
psi Tan I Sec I Tan 1 Sec Tan I Sec I Tan I Sec 
SITE 1, HOLE 1 
Floor: 
1'8"-3' ••• N •••••••• 4.200 2.100 2.390 7,l75 3.10 2.49 NAp NAp 2.65 2.19 NAp NAp 
4.200 2.100 2.027 2,685 1.70 1. 20 NAp NAp 1. 44 .92 NAp NAp 
E •••••••• 4.205 2.100 2.414 2,959 2.77 2.09 NAp NAp 2.24 1. 71 NAp NAp 
5'10"-7' •• N •••••••• 4.204 2.100 2.343 8,488 2.93 2.84 NAp NAp 3.24 2.63 NAp NAp 
4.202 2.100 2.365 9,383 3.21 3.06 NAp NAp 3.24 2.96 NAp NAp 
4.210 2.100 2.277 4,937 1. 61 1.13 NAp NAp 1. 36 .90 NAp NAp 
E •••••••• 4.197 2.100 2.310 10,913 2.89 2.47 NAp NAp 2.92 2.13 NAp NAp 
4.202 2.100 2.339 8,589 3.14 3.03 NAp NAp 3.18 2.97 NAp NAp 
lbo'S" •• ••• Vertical. 3.960 1. 965 2.569 14,971 4.28 3.55 0.18 0.10 4.41 3.20 0.13 0.07 
SITE 1 HOLE 2 , 
Roof: 
8'7"-10'1" N •••••••• 4.203 2.100 2.447 6,381 3.20 3.12 NAp NAp 3.30 3.05 NAp NAp 
8'4"-10'1" 4.210 2.100 2.453 5,514 3.20 2.66 NAp NAp 3.32 2.40 NAp NAp 
4.218 2.100 2.382 9,095 3.34 2.94 NAp NAp 3.15 2.68 NAp NAp 
E •••••••• 4.193 2.100 2.454 5,197 3.49 2.59 NAp NAp 3.33 2.14 NAp NAp 
4.210 2.100 2.459 6,713 3.12 3.17 NAp NAp 2.94 3.17 NAp NAp 
Vertical. 3.973 1.965 2.345 8,013 3.68 2.11 NAp 0.48 2.60 1. 57 NAp 0.33 
3.975 1.965 2.374 11,722 2.96 2.55 NAp .17 3.53 2.02 NAp .35 
12 ' 9" •• ••• 3.971 1.965 2.343 12 349 3.28 2.03 NA p .14 2.44 1. 56 0.22 .05 
Floor: 
SiTE 2, HOLE 3 
2'11"-4' •• E •••••••• 4.170 2.100 2.390 11,722 4.63 4.88 NAp NAp 4.70 5.17 NAp NAp 9'4"-10'6" N ••••••• 1I 4.187 2.100 2.500 5,024 3.35 2.77 NAp NAp 3.00 2.44 NAp NAp 4. 181 2.100 2.484 5,486 3.25 2.84 NAp NAp 3.28 2.89 NAp NAp 4.193 2.100 2.494 5,514 4.01 3.38 NAp NAp 3.96 2.93 NAp NAp E ••••••• (; 4.200 2.100 2.426 6,698 3.78 3.68 NAp NAp 4.32 3.38 NAp NAp 4.193 2.100 2.440 6,453 3.76 2.24 NAp NAp 2.78 1. 70 NAp NAp 12'1" ••• •• Vertical. 3.974 1.965 2.520 17,279 5.75 3.97 NAp 0. 26 4.53 3.20 0.30 0.18 3.968 1.965 2.515 17,444 5.91 3.45 NAp . 26 4.61 2.55 .41 .17 3.972 1.965 2.460 15,037 5.13 3. 03 NAp . 24 4.84 2.28 .30 .14 14'3" ••••• 3.972 1.965 2.549 12,629 3.52 3.01 0.47 . 30 3.19 2. 69 .30 .27 3.970 1. 965 2.493 8,508 2.45 2.33 .46 . 35 3.41 2.97 .39 .26 
Roof: 
SITE 2, HOLE 4 
7' 10"-9' 2" N •••••••• 6..190 2.100 2.459 14,263 5.88 4.24 NAp NAp 5.11 3.46 NAp NAp 4.207 2.100 2.469 14,522 6.00 5.40 NAp NAp 5.JO 5.35 NAp NAp 4.205 2.100 2.391 16,746 6.09 4.39 NAp NAp 5.04 3.55 NAp NAp 
E •••••••• 4.210 2.100 2.404 12,934 5.53 3.30 NAp NAp 4.45 2.43 NAp NAp 4.204 2.100 2.442 15,591 6.50 5.01 NAp NAp 5.55 4.33 NAp NAp 9'8"-10'7" N ..... .. .. 4.235 2.100 2.383 10,336 4.05 2.44 NAp NAp 3.07 1. 85 NAp NAp 4.223 2.100 2.422 7,362 2.69 2.09 NAp NAp 2.58 1. 70 NAp NAp 
E •••••••• 4.188 2.100 2.511 4,591 3.06 2.53 NAp NAp 2.72 2.15 NAp NAp 14'11" •••• Vertical. 3.983 1.965 2.426 11,541 2.92 2.71 NAp 0. 38 2.66 2.62 0.39 0.31 3.970 1. 965 2.439 10,123 4.02 2.98 NAp . 50 3.34 2.43 NAp , .43 3.972 1.965 2.453 9 , 563 2.80 2.25 NAp . 32 2.54 1. 95 .43 .22 : 6 ' ••••••• 3.967 1.965 2.385 13,421 4.49 3.36 NAp . 25 3.57 2.81 .44 .17 3.975 1. 965 2.390 11,739 3.14 2.39 NAp . 39 2.67 2.00 NAp .3C 
Sp gr Specific gravity. E Young's modulus. NAp Not appl~cable. 
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TABLE B-6. - Indirect tensile st tests 
of floor and roof at Foidel Creek Mine 1 
12'1" ...•.•.•••••.•••.•••.•••. 1.902 1.965 681 
2.006 1. 965 686 684 14'3f1' ••••••••••••••••••••••••• 1. 934 1.965 737 
1.972 1.965 633 
SITE 1, HOLE 4 
14'11" .•.......•.........•...• 1. 928 1. 471 
1. 962 1. 462 533 16' ............................. 1.955 1. 621 
1.941 1. 576 
gravity. 
in the vertical direction. 
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TABLE B-7. - Physical properties of the floor and roof at Rienau No. 2 Mine 
Location Length, Diameter, Compressive 50% of ultimate stress 
and depth Direction in in Sp gr strength, 10 6 x E IPoisson's ratio 
psi Tan 1 Sec I 
SITE 1, HOLE 1 
Floor: 
5 '-6' ••••• N 88 0 E •• 4.210 2.110 2.770 11,039 4.23 3.40 
N 2 0 W ••• 3.980 2. 110 3.191 10,210 6.78 5.22 
4.184 2.110 2.933 7,865 3.82 1. 72 
17'2" ••••• Vertical. 3.907 1. 980 2.580 15,557 2.83 2.50 
3.895 1. 980 2.597 13,705 3.24 2.71 
3.959 1. 980 2.560 14,355 4.23 3.78 
18'1" ••••• 3.938 1. 980 2.299 8,379 1.25 1. 01 
SITE 1, HOLE 2 
Roof: 
8 '-9' ••••• N 88 0 E 4.212 2.110 2.457 12,240 2.74 2.65 
4.185 2.110 2.827 4,976 1. 98 1.92 
14'6" ••••• Vertical. 3.904 1.980 2.702 23,189 5.92 4.87 
3.948 1. 980 2.606 11,335 1. 83 1. 52 
SITE 2, HOLE 3 
Floor: 21' •• IVertical. 1 3.955 1.980 /2.3621 11,042 11.531 1.531 
E Young's modulus. ND 
NAp Not applicable. Sp gr 
Not determined. 
Specific gravity. 
TABLE B-8. - Indirect tensile strength 
tests (Brazilian) of floor specimens 
at Rienau No. 2 Mine 
(Site 1, hole 1. Depth: 17'2". 
Direction: vertical) 
Length, Diameter, Sp gr Indirect tensile 
in in strength, 1 Esi 
2.002 1. 980 2.525 1,626 
1. 820 1. 980 2.585 1,210 
Sp gr Specific gravlty. 
lAverage tensile strength, 1.418. 
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